Abstract. The interaction between kinetin and naphthaleneacetic acid in the regulation of senescence of excised tissue of mature broccoli leaves has been used to examine the extent of synchrony between changes in chlorophyll, RNA, and protein. Kinetin increased the net uptake of 14C-labeled orotic acid and leucine. Naphthaleneacetic acid decreased the effect of kinetin on net uptake after long treatment, but in short-time treatments the auxin increased the effect of kinetin on net uptake. Results of long (24 hr) treatments indicated a general synchrony between the loss of RNA, protein, and chlorophyll. Naphthaleneacetic acid reduced the stabilizing effect of kinetin upon chlorophyll content and upon the content and synthesis of RNA. In short-time experiments, however, RNA content and synthesis were transiently increased by kinetin, and further increased by kinetin plus naphthaleneacetic acid, while chlorophyll content decreased in the presence of kinetin and decreased further in the presence of kinetin pluis naphthaleneacetic acid. Actinomycin-D accelerated the loss of chlorophyll, RNA and protein and strongly depressed the rate of RNA synthesis. In the presence of actinomycin-D the stabilizing effect of kinetin upon RNA was substantially reduced. In contrast, the chlorophyll and protein contents remained higher than in the control. Actinomycin-D did not nullify the basal incorporation of orotic acid into RNA, nor did it negate the effect of kinetin upon incorporation. The failure of synchrony between changes in chlorophyll and RNA does not substantiate the proposal that kinetin regulates senescence by a direct effect upon DNA-dependent RNA synthesis.
The senescence of detached leaves is characterized by loss of chlorophyll, associated with declining levels of RNA and protein, and the rate of senescence may be regulated by kinetin or other exogenous growth substances (5, 12, 21, 25) . It is not known how the regulation is accomplished. Kinetin retards the loss of chlorophyll, RNA, and protein, and enhances synthesis of RNA and protein in detached leaves and leaf tissue of several species. Inhibition of the effect of kinetin by actinomvcin-D has led to the proposal that the hormone influences the rate of senescence by regulating DNA-dependent RNA synthesis (13, 28) . Changes in permeability and free space are associated with senescence and have been shown to be susceptible to hormone regulation in the fleshy leaves of Rhoeo. A substantial loss of protein occurred prior to detectable increase in free space (15) . However, even the most subtle alteration of an interface might well be the predominant event in the control of senescence. Attempts to correlate the function of kinetin in the regulation of senescence with the induction of specific enzymes have been 1 This investigation was supported in part by a research grant (UI-00102) from the National Center for Urban and Industrial Health, United States Public Health Service.
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inconclusive ( 1) . A\lothes has shown that kinetin is able to cause directed transport and localized accumulation of amino acids. From the results of a series of investigations, he has concluded that this is the primary function of kinetin in the regulation of leaf senescence (10) . There is evidence w-hiclh is inconsistent with this proposal ( 12, 23, 27) , but none by whiclh it is conclusively contradicted.
WN e have previously reported that a-naphthaleneacetic acid (NAA) strongly depresses the effect of kinetin, but does not by itself influence the senescence of detached leaves of broccoli or Xanthliim (22) . This being so, the regulation of senescence by kinetin may be experimentally altered by the presence or absence of NAA. and the degree of synchrony among the effects of kinetin on the various parameters of senescence may be observed. The interaction between kinetin and NAA was used subsequently to examine the relationship between the regulation of senescence and the directed transport and accumnulation of substrate (23) . The auxin by itself had little effect, but when present with kinetin it simultaneously reduced the effect of kinetin upon senescence and increased directed transport and accumulation in the treated locus.
In the present report we describe experiments in which the kinetin-NAA interaction was used to examine the relationship between changes in chloro- Proteini Assay. The tissue was hlomogenized and a TCA-insoluble residue was prepared by the procedure described for RNA. The residue was digested for 15 miinutes at 370 in N NaOlI conltainiing leucine (mnvi). After centrifugatioin and washlinig, aliquots of the sutpernatent were assayed for protein by the Folin-phenol metlhod (9) .
Measuremnet of Uptakc (1iid Jlncorporatioii. After incubatioin with 1 'C-labeled precursor, the tissue was blotted. placed in a cheeseclotlh haig, rinsecl radioactivity, and the total activity was used as an estimate of the net uptake of labeled substrate by the tissue. Radioactivity was determined by drying duplicate aliquots on glass-paper circles and counting in a toluene-fluor mixture in a liquid scintillation spectrometer. Quench correction was calculated from internal standard series prepared for each fraction. In some experiments, net uptake was verified in parallel samples by a combustion method (23) . A "corrected incorporation" value was calculated by dividing cpm incorporated by the ratio of the net uptake (total cpm remaining after washing) of the treated sample to the net uptake of the control sample. Sacher (14) has discussed the need for a similar correction. Act-D strongly depressed the basal rate of incorporation of orotic acid label into RNA, but did not nullify it. Even with higher concentrations of act-D (to 100 ,ug/ml) and longer incubation periods, there was a persistent incorporation equal to approxilmately 30 % of the control value. In the presenice of kinetin, the inhibitor reduced incorporationI to a level far below that of the control but did not negate the effect of kinetin.
Discussion
The decision to "age" (preincubate) the excised tissue used in this study was based upon the difficultx of interpreting the effect of exogenous regulators sul)erimposed upon the transient increase and subsequent decrease of RNA following excision of the tissue. Similar transient interruption in the course of seniescence may be inferred from data of other reports (16, 20) . Mothes and Engelbrecht (11 ) have described the directed transport of substrate from the lamina to the petiole of the senescing leaf. Excision of the tissue from the leaf eliminates directed transport, and it is possible that this may be the cause of the transient interruption of senescence. The interruption is not a "wounid effect", since it is incdependent of the ratio of wound area to tissue mass.
Although enterinig a period of rapid senescence, this tissuie wvas clearly capable of physiological regulation of uiptake or retention. The net uptake of both orotic acid and leucine was strongly influence(l by the regulating substances used in the study. and the ,lncorporation values were corrected accordingly. For lack of more satisfactory criteria, w e has-e mlade the assumption that the label which did not diffuse into ambient 0. (3) .
It is surprising that R'NA synthesis was clearly enhanced by kinetin in the presence of act-D. WVe have meticulously monitored bacterial populations after these treatments, and have found no indication of correlation between differences in the number ot bacteria and differences in the incorporation of precursor into RNA. Since there appears to be a fraction of RNA synthesis which persists in the presence of act-D, it is possible that kinetin is able to enhance the act-D resisLanit svnthesis. It is also possible that kinetin function results in the protection of a fraction of DNA. presumably chloroplastic DNA, from association with act-D, and that a corresponding fraction of RNA svnthesis remains uninhibited.
Demonstration of the inhibition by act-D of hormone-enhanced RNA synthesis has encouraged the opinion that the regulation of senescence operates bv a direct effect of the hormones upon DNAdependent RNA synthesis (5, 13, 28) . In the present investigation, the results of long treatment with kinetin and NAA were consistent with this proposed mechanism. Shorter treatments, however, have revealed a failure of synchrony between changes in chlorophyll content and both the content and synthesis of total RNA. At the present time there is no conclusive evidence that RNA synthesis is the direct and primary response 
